to the heart. Fluctuations in venous pressure associated with contraction of the heart were observed by early investigators (13, 15, 20, II) , and the phasic nature of vena caval flow has been demonstrated in animals by contrast cinefluorography (2, 12, 16) and in man by a differential pressure technique (14) . Brecher has made important contributions to this neglected subject and, using a bristle flowmeter, directly determined both the volume and instantaneous velocity of blood flow in the venae cavae (3, 4) . From these and Recei ved for publication 3 September 1965. other studies, several investigators have concluded that venous return is dependent not only on passive right atria1 filling provided by the pressure gradient between the venous reservoir and the right atrium, the force from behind or vis a tergo, but also on an attraction of blood from the veins, the force from the front or vis a fronte, produced by contraction of the heart and inspira- (I 7). In six dogs, complete heart block was created by a suture placed in the region of the atrioventricular node ( 9) I . RESULTS r) Control conditions. In initial studies in three dogs, superior and inferior vena caval flow and right atria1 and systemic arterial pressure were recorded continuously before, during, and after wide incision of the pericardium (Fig. I Fig. 2 . In these animals the a and v waves in the atria1 pressure pulse were both prominent, and the flow pattern was biphasic: least forward flow occurred at the peaks of the a and v waves; forward flow then rapidly accelerated during atria1 relaxation and during the y descent, and became maximal at the points of lowest right atria1 pressure. In nine normal animals, the atria1 v wave was inconspicuous, and in them a monophasic flow pattern was observed; least flow occurred at the peak of the prominent atria1 a wave (Fig. 3) . In many normal animals, with either monophasic or biphasic flow patterns, small amounts of reverse 349 flow were often recorded in the superior cava, as in the tracings reproduced in Fig. 3 , but never in the inferior cava. In three animals with monophasic patterns, least flow took place at the peak of a predominant v wave. In most records, the atria1 c wave was of small amplitude and was not associated with any apparent alteration in flow. Occasionally, however, a prominent c wave gave rise to a triphasic flow pattern, as shown in Fig. 4 .
The inverse relationship between right atria1 pressure and instantaneous vena caval flow is demonstrated in another way in Fig. 5 . In this record the flow signals were electronically inverted, and the peaks in the flow pattern represent points of minimum flow. It is apparent that the atria1 pressure tracing and the inverted flow pattern have quite similar contours, but the peak deflections are not precisely related in time. In all the tracings the changes in caval flow occurred shortly after the corresponding change in atria1 pressure. In vitro studies utilizing the same flow transducers, pressure catheters, and recording system employed in the present investigation of vena caval flow indicated that transmission times for pressure and flow signals differed by less than IO msec; therefore, the observed delay between corresponding changes in caval blood flow and right atria1 pressure is attributed to the time required for transmission of the atria1 pressure pulse to the cavae and the complex impedance of the system. Also, the time of peak forward or peak regurgitant flow in the inferior cava was almost always later than that in the superior cava. This difference is probably attributable to the greater volume and inertance of flow in the inferior cava (I 8).
2) Triscupid regurgitation or pulmonary stenosis. In the IO dogs with either acute or chronic tricuspid regurgitation, the mean right atria1 pressure was elevated (average 5 mm Hg) and the prominent atria1 pressure peaks which occurred during ventricular systole ranged from 8 to 20 mm Hg. Records of right atria1 pressure and caval blood flow recorded in one dog with chronic tricuspid regurgitation are reproduced in Fig. 6 . In all animals, large volumes of retrograde flow occurred in both the superior and inferior venae cavae, coincident with the highest atria1 pressure peak. The flow patterns were similar in the two cavae, but the time of maximum retrograde flow was usually later in the inferior cava. Also, when the c wave was distinctly separated from the v wave, its effect on flow was most readily apparent in the superior cava.
In the nine dogs with acute pulmonary stenosis, the mean right atria1 pressure was elevated to an average of 6 mm Hg, and the atria1 pressure pulses were usually characterized by prominent a waves. The outflow obstruction also resulted in diminished cardiac output and total venous return.
Retrograde flow was always recorded at the atria1 pressure peak in the superior cava, and often in the inferior cava as well (Fig. 7) sponded to respective decreases and increases in right atria1 pressure.
3) Atria1 or ventricular septal defects. When the production of an atria1 or ventricular septal defect was not associated with an abnormal cardiac rhythm, the patterns of vena caval flow did not differ from those observed in normal dogs. 4) Cardiac arrhythmias. When nodal rhythm was produced by trauma to the sinoatrial node, the predominant atria1 pressure pulse was observed to occur during ventricular systole. This rise in pressure is attributable to retrograde stimulation of the atrium, and its contracAtria1 fibrillation resulted in right atria1 pressure pulses characterized by irregularly occurring v waves and absent a waves. Again, forward caval flow accelerated rapidly during the y descent and prior to ventricular contraction (Fig. 9) . Furthermore, in most cycles ventricular systole corresponded to a period of decreasing rather than increasing forward flow. Complete heart block resulted in the familiar dissociation of atria1 and ventricular pressure events. As shown in Fig. IO In the remainder of the record, however, atria1 relaxation is seen to occur at varying times in relation to ventricular contraction, and the influence of each event on caval flow may be assessed independently.
In every cycle maximum acceleration of forward flow occurred during the descent of the atria1 pressure pulse, and minimum flow coincided with peak atria1 pressure. The predominant atria1 pressure wave in this animal occurred during ventricular systole as the atrium contracted against a closed tricuspid valve. Caval flow was accelerated during the period of atria1 relaxation, and not during early ventricular systole. Retrograde flow occurred in both cavae at the peak of the predominant atria1 pressure wave, but the relatively small v wave decreased forward flow only in the SVC.
pronounced, and was noted slightly earlier, in the superior cava. This inverse relationship between right atria1 pressure and instantaneous caval blood flow was observed regardless of alterations in the contour and amplitude of the right atria1 pressure waves. Tricuspid regurgitation produced abnormally high atria1 pressure waves during ventricular contraction, and pulmonary stenosis usually augmented the height of the pressure wave associated with atria1 contraction.
With either intervention, retrograde flow in both cavae was noted at the peak of the prominent pressure wave, despite its time in the cardiac cycle.
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In the studies made after the production of various cardiac arrhythmias the normal sequence of pressure events during the cardiac cycle was altered. Under these circumstances it became possible to assess independently the effects of atria1 and ventricular contraction on caval flow. Thus in nodal rhythm contractions of the right atrium and right ventricle occurred simultaneously, and the resultant cannon waves caused large amounts of retrograde flow in both cavae; marked acceleration of caval flow occurred with the fall in pressure during atria1 relaxation.
Since effective atria1 contractions were eliminated during atria1 fibrillation, the isolated influence of ventricular contraction on caval blood flow could be determined, and during this arrhythmia the only changes in caval flow were related to the rise and fall of the atria1 v wave. In dogs with complete heart block, atria1 contraction produced atria1 pressure waves which always corresponded to sharp decreases in forward caval blood flow; when the atrium contracted against a closed tricuspid valve, the atria1 pressure pulse was augmented and much larger decreases in forward flow, or even retrograde caval flow, occurred. In this investigation the experimental production of an atria1 or ventricular septal defect did not appreciably alter the magnitude or contour of the right atria1 pressure tracing, although intracardiac flow was surely changed.
Significantly are at complete variance with those made in this study in dogs with complete heart block. In them a distinct acceleration of caval flow was associated with every period of atria1 relaxation regardless of whether it was succeeded by a ventricular systole (Fig.  I 0) . Also in contrast to Brecher's findings, the onset of
